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Self Instructional Package No. 3

ALKANES

HOMOLOGOUS SERIES AND ISOMERISM

For centuries, the accepted concept was that the composition of a
substance uniquely defined the structure of that substance. It was in-
conceivable to the chemists of that era that two substances might have
the same molecular formula and yet possess different physical and some-
times, different chemical, properties.

In 1830, only three years after Wohler sired the field of organic
chemistry by synthesizing urea in the laboratory, he discovered and iden-
tified fulminic acid as the product of the decomposition of urea. ‘At the
same time, Justus Liebig identified cyanic acid.

Liebig and Wohler -~two scientists quite different in temperament-
were drawn together by their interest in these two acids. Both acids
possessed the same molecular formula, and yet they showed striking dif-
ferences in their physical and chemical behavior. The only reasonable
explanation for this, was that the arrangement of their atoms was perhaps
different, or that their structure was different. That marked the birth
of the structural theory of organic chemistry and the concept of isomerism.

Although many chemists, including Berzelius -who was one of the
greatest- were unwilling to acknowledge this for several years, it's
significance in explaining the properties of organic compounds could not
be ignored.

The object of this S.I.P. is to introduce you to the field of
isomerism which was discovered nearly 140 years ago.




Self Instructional Package No. 3
Form A - List of Objectives

ALKANES - HOMOLOGOUS SERIES AND ISOMERISM

DEFINITIONS -

The student will be able to define and to illustrate with an example
the following terms: STRUCTURAL ISOMERS, CONFORMATIONAL ISOMERS, PRIMARY,
SECONDARY, TERTIARY AND QUATERNARY CARBON ATOMS, HOMOLOGOUS SERIES AND
HOMOLOGS, STAGGERED AND ECLIPSED CONFORMATIONS.

. ISOMERISM -

The student will be able to identify the structural isomers from the
given set of structures.

The student will be able to draw all the structural isomers for a
given alkane.

The student will be able to distinguish between the structural and
the conformational isomers.

The student will be able to draw a potential energy diagram for the
conformational isomers of an alkane.

The student will be able to correlate the conformational isomers of
an alkane with the given potential energy diagram.

The student will be able to predict the relative stabilities of the
conformational isomers of an alkane.



Self lInstructilonal Package No. 3
Form B - Self Evaluation Exercise

ALKANES - HOMOLOGUE SERIES AND ISOMERISM

The molecular formula which corresponds to an alkane is:

a) Cylg i
b) CsHyp

c) C3H4

d)  Cp,H,,

You are given four compounds - their molecular formula and the
name. Identify the set containing an error.

b) C.H PROPANE

5712

¢) CygHpy - DECANE

HEPTANE

d) CyHyq

In a compound given below all the carbons were identified as
PRIMARY, SECONDARY, TERTIARY AND QUATERNARY. The one which is

mislabeled is:

1°(G) _-1°(A)
@ Ll g
AU N N
1°(H),, . —=C=~C—C—=C-—C+
N R
ST, e
a) A 1°(8)  2°(0) 3°(C)
b) C
c) D
d) F
6



SIP #3
Form B - Sclf Evaluation Exercise

4, Identlfy a pair of structural isomers from the series of alkancs
listed below. '

t
1Y) S ."‘F" N -G~
",‘3"3-9' ";"g"f“.g‘ “."9:(‘%:‘{' “‘r':@:‘?"
I II III;‘- IV

a) I and III
b) II and IV
c) I and II

d) III and IV

5. The two species which have the same molecular formula but different
physical properties and similar chemical properties are considered:

a) conformational isomers
b) homologs

c)v structural isomers

d) ddentical

6. Identify the correct statements about structural and conformational
isomers.

a) structural isomers are non-superimpossible species
b) conformational isomers are non-superimpossible
c) conformational isomers have the same physical properties

d) conformers can be interconverted into each other

~




SEP #3
Form B - Seltf bBvaluation Excerclse

7. The Newman projection below represents:

CH3

C2H5
a) staggered anti pentane

b) eclipsed anti pentane
c) staggered anti butane
' d) eclipsed gauche butane

8., To arrive at the correct answer for questions 8 and 9, use diagram
given below:

Potential Energy

Potential energy changes during rotation about C-C bond

€,Hs
H H
The conformational isomer: corresponds
to potential energy level:
a) A ) B ¢ € d) D O H
H
C2 5
6




SIP #3
Form B - Self Evaluation Exercisce

9.

10.

The conformational ifsomer
to potentlal energy level:

a) A
b) B
c) C
d) D

The conformational isomer
to potential energy level:

a) A
b) B
c) C
d) D

ne

25
1 M
! (2 5
corresponds

H

C,lts

corresponds




Se¢lf Instructioaal Package No. 3
Form € = Reference Guide

ALKANES - HOMOLOGUE SERLES AND ISOMERISM

The reference gulde should be used in conjunction with Form B or the Self
Evaluation Exercise., The references provide th: correlation between the
questions in Form B and the available material in the textbook and in the
form of tapes.

Questions 1, 2, 4 Chapter 3, Section 4 MORRISON & BOYD -
Organic Chemistry

Question 3 Chapter 3, Section 11

Questions 5, 6 Chapter 3, Sections 3, 4, 5

Questions 7, 8, 9, 10 Chapter 3, Sections 4, 5

Tape I with the accompanying worksheet and answer sheet titled, '"Alkanes
and Structural Isomerism".

Tape LI.with the accompanying worksheet and answer sheet titled, "Alkanes-
Conformational Isomerism",

10



Self Inutructional Package No. 3
Tape 1 = Work Sheot

ALKANES

Go, wondroua oreature! mount whera

Sotence guideo;

Go, meaaure earth, waeigh air, and otate

the tidas;

Instruot the planato in what orbs to rmm,

Correat old Time, and regulate the oun...

Go, teach Etarnal Wiadom how to rule -

Than drop into thyoelf, and be a fool!
Aloxandar Pope

Homologue Series and Structural [somerism

Example No, 1

methane CHy,
cH
ethane C2H6} 2
CH
propane Cqlig 2
3 cuy
butane C[,Hlo
CH
pentane Csty s 2

homologue serles - definition:

Assignment No. 1

Draw structures of the following compounds:

a) octane C8H18

‘b) hexane C6H14

c) decane ClOHZZ

i1



S No.o 3
Tapu 1 = Work Shueet

Aunlgnment No, 2

The general formula for any ALKANE fa:

Agslpnment No, 3

Write the molecular formula for the following alkanes:

dodecane (120)

heptane (7¢)

pentadecane (?2C)

Agsignment No. 4

In the list of compounds given below, identify a) the hydrocarbons and
b) the alkanes. For each alkane supply its correct name.

Hydrocarbon ’élgggg
CH4Br
C7tie
CgHyg
Colye

C 5[’1100“
C 3!’17F

C_H

614

C3H8

i2
1o







SIP No. 3
Tape 1 - Work Sheet

Example No. 2

1°

primary carbon atom

tertiary carbon atom

Assignment No. 5

20

secondary carbon atom

quaternary carbon atom

In the two alkanes below identify the PRIMARY, SECONDARY, TERTIARY

and QUATERNARY carbon atoms.

assign their names.

H H H H
| N
H—— C— C——C~—C~—H
I
HH-C-HH H
!
H

i3
11

Write their molecular formula and

H H

/

H H-C-H H-C-H H

\ \ | l

Hemam G e G e C———H

| ! I l

H H H-C-H H
I
H



SIP No. 3
Tape 1 - Work Sheet

Assignment No. 6

In the structural formulas of the two organic compounds given below; -

identify each carbon atom as: PRIMARY, SECONDARY, TERTIARY, OR

QUATERNARY .
H H H H
] | i )
H C C C C H '
i | | |
H Br H- (‘I-H H
H
. H H O-H H H
1 | \ | |
H: C C C C C H
i ] ! - | }
H-0 H H H-C-H H
|
H

Assignment No. 7

Draw the structures of the following two alkanes:

.A - has five primary carbon atoms, one tertiary carbon atom and one
quaternary carbon atom.

B - has four primary carbon atoms, one secondary carbon atom and
two tertiary carbon atoms.

Structural formulas of the two butanes from Slide No. 4:

STRUCTURAL ISOMLRS are compounds which have the same molecular formula
“ but different structure.

14

12




3
Tape 1 - Work Sheet
Assignment No. 7 (continued)

SIP No.
Example No. 3

o
jae He) —
—
= m

o~ O~

o= o Mo O — 1 =
o —0— 5

o= - T T e O — Lm0 e & P
o — Q- :

=
T S—

e O — e O — O e P SR T O -

T e — L o = =
i i 1.3

T —O — O - o= O - oo O — o T O = O = ) =

oo W — 1 [ 1 i -
o o o e
o o o0 = - O — o g T o— O - T Q-
t
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SIP No. 3
Tape 1 - Work Sheet

Assignment No. 8

Identify the structural isomers among the structural formulas of the
alkanes below.

H
)
R H-C-H H H H H
! ) | | |
a) H C C C H b) H——C~—C———(——1H
| P J j [ .
H H-C-H H H H H
|
) i
H H H H H H H-C-H H H
TR U I L N I I
c) H G C C C H d) H——C~—C-—~—~C~—C~——H
b I
H H H H H H H H—-?*H H
H
H H H H H H H H H
-] I | I I | | | |
e) H c C C C C H f) H——C———C——C~—C—H
I T B B [ T B
H H H H-C-H H H H H H
l
H
! T
H H-C-H H H H-C-H H H
I T I N
g) H=——C C C H h) H C C C——C~—H
o N
H H H H H-C-H H H
|
H

Assignment No. 9

Draw all the possible structural isomers of: a) pentane, D) hexane, and
c) octane, .

16

14




Self Instructional Package 3
Tape 1 - Answer Sheet

ALKANES
’ Example 1. Homologue series - definition: A geries of compounds in
which each member differs from the next member by a constant

amount.

ASSIGNMENT 1, Draw structures of the following compounds:

SRR I N
a) Octane C_H,, H-C-C~-C-C~-%-C-C-G-H
818 H A H H H # H H
H H H H H H
) H C H H-Co-C-C-C-0C-C-H
b exane - - - - - - -
6 14 L T T T D
H H H H H H

H H H H H H H H H H
. | ' ] ! ! | \ | | r
¢c) Decane C,_ H H-C-C-C-C-C-C~-C=-C-Ca~C-H
10 22 T L L T L I Y I |
H H H H H H H H H H

ASSIGNMENT 2, The general formula for an ALKANE is:

CH
na2n+ 2

ASSIGNMENT 3, Write the molecular formula for the following alkanes:

Dodecane (12 C) 012H26

Heptane ( 7 C) C7H16

Pentadecane ( ?.C) C H32

ASSIGNMENT 4, In the list of comyounds given below, identify a) the
’ hydrocarbons and b the alkanes. For each alkane, supply
its correct nanme.

17




Self Instructional Package 3
Tape 1 - Answer Sheet cont.

ASSIGNMENT@#. continued

Hydrocarbon
CHBB: »
Mg —_
S8H18 . v
Cotig v
05H100H
C3H7F
Cetliy v
C,Hg v

Alkane

v

_v_

Name

Heptane

Octane

Hexane

Propane

ASSIGNMENT 5, In the two alkanes below, identify the PRIMARY, SECONDARY,

......

H H H H
| v |
H-C~-Ca~C-C-H
' 0 O' O‘ (o]
al 13 42 a1
H-C-H
11°
H
»
H-Cl _HC-H
H |1 1 4
] | )
H-C--C 5 C 5 C 5 H
1713 |4 |1
H H-C-H H
110
H
i8

TERTIARY and QUATERNARY carbon atoms.
formula and assign their names,

H
512

7H16

Write their molecular

Pentane

Heptane



ASSIGNMENT 6,

ASSIGNMENT 7,

Self Instructional Package 3

. Tape 1 - Answer Sheet cont.

In the structural formulas of the two organic cumpounds

given below, identify each carbon as:
TERTIARY, or QUATENARY,

H H ? H
u !
H -C-¢C-C - ¢C - H
|1 |2 ‘3 |1
H Br H-C-H H
j10
H
H H o-H H H
l l | ! !
H - ¢ -¢ -cC - C o C - H
\1 2 A b R b
H-0 H H H-C-H H
11°
H

PRIMARY, SECONDARY,

Draw the structures of the following two alkanes:
A - has five primary carbon atoms, one tertiary carbon

atom and one quaternary carbon atom,

B - Has four primary carbon atoms, one secondary carbon

atom and two tertiary carbon atoms.

Lo
H H-C-H H-C-H H
] } | [
H - ¢ - ¢ - ¢ - ¢ =
! } | I
H H-g-n H H
H

i9

17



Self Instructional Package 3
Tape 1 - Answer Sheet cont.

ASSIGNMENT 7. continued

A \
H H-C-H H H-C-H H
{ | \ | |
H - ¢ - ¢ - € - ¢ - € - H B
. { 1 1 \ 1 -
H H H H H

Structural formulas of the two butanes from slide no. b4:

H
)
H H H H H H-C-H "

\ | | \ 1 \
H~-C-C-Ca~-C-H H-C - é -0 -H
1 H i ] 1 1 !

H H H H H -H H

ASSIGNMENT 8, Identify the structuralvisomersEamong the structural formulas
of the alkanes below:

a andv c .
e and h and d
g and £
ASSIGNMENT 9, Draw all the ossible structural isomers of a) pentane,
b) hexane ? octane.
Pentane
IR O N
1, H-C-C-C~«C~=C--H
{ { ] | {
H H H H H
H
{
H H-C-H H H
{ 1 { |
2. H - ¢ - € - C - C -~ H
i P )
H H H H
20

18




Self Instructional Package 3
Tape 1 - Answer Sheet cont,

ASSIGNMENT 9, continued
Pentane cont.,

3.
Hexane

H-C-H
\
C
t
H

H
!
H-C -

2,

19




Self Instructional Package 3
Tape 1 - Answer Sheet cont.,

ASSIGNMENT 9, continued

Hexane cont.

H H
| \
H H-C-H H-C-H ?
| { 1
5. H - ¢C - C - C - C -
\ t | '
H H H H
Octane

H H H H H H H H
i | ) { { | i '

1, H-C~C-C-C-C~-C-C=~-C--H
‘ I | | V | 1 '

:I:"

H H H H H H H
H
|
H H-C-H H H H H H
| | I T T T
2, H - C = C =C-C-C-C-C-H
{ 1 [] t [ ‘.
H H & H H H =H
H
\
H H H-C-H H H H
! | ] 1 \ (
3. H-C - C - C - € - C - ¢
| | | | | 1
H H H H H H
H
|
H H HH-C-HH H H
oo | i I T
4, H-C-C= C - C = C-C~C -H
Voo | : Voo
H H H H H H H
22

20



Self Instructional Package 3
Tape 1 - Answer Sheet cont.

ASSIGNMENT 9, continued

Octane cont.

s~
1
T =0 -~
|
-0~
|
=0 -
u_“ {
Hln._wlC|H
>
|
)
H..n..ulC\H
s~
: '
-0 -
|
x
o

9.

N3

21




Self Instructional Package 3
Tape 1 - Answer Sheet cont,

ASSIGNMENT 9, continued

Octane cont.

10,

13,




Self Instructional Package 3
Tape 1 - Answer Sheet cont.,

ASSIGNMENT 9. continued

Octane cont.

H
)
14, H - C
}
H

H

H
)

H-C-H

|
C
|

-C-H

H

29

23

H
]

H-C-H
‘ .
C
]

H-C-H
)
H



Self Instructional Package No. 3 ' Nothing can be loved or
Fape 2 - Work Sheet hated unless it is first
known. Leonardo da Vinei (e 1500)

t

ALKANES

Conformational Isomerism

Example No. 1 -
H H
{
H/C\ a H
H ’//// H or staggered ethane
N
| u H i
H .
H
"sawhorse formula" "Newman projection'

or eclipsed ethane

/F\\ H . H

H H H

Newman projections of the propane molecule:

staggered propane eclipsed propane

The difference between staggerc¢ and eclipsed propane as compared to
staggered and eclipsed ethane i

26
24







SIP No. 3
Tape 2 - Work Sheet

Asgignment No. 1

Draw the conformational isomers of n-butane resulting from the free
rotation around the bond between carbon atom No. 1 and carbon atom
No. 2.

Example No. 2

staggered conformation

Example No. 3

staggered butane eclipsed butane

Example No. 4

cH ’ CH
3 Hq 3
H
H H CH3 H
H H H H H
) CHy H H
staggered "anti" butane staggered '"'gauche'" butanes

AV
-3




SIP No. 3
Tape 2 - Work Sheet

Assignment No. 2

"Draw Newman projections and name all the possible conformational isomers
of the.eclipsed butane resulting from the rotation about the bond between
carbon atom no. 2 and carbon atom no. 3.

Assignment No. 3

_ Draw all the possible conformational isomers of the n-pentane which result
from the free rotation around the bond between carbon atom no. 2 and carbon

atom no. 3.

Assignment No. 4

Assign the relative stabilities (i.e. identify the isomers with maximum and
minimum stabilities and the ones with the same :stability) to all the con-
"~ formational isomers in Assignment No. 3.

28

-1

26



Self Instructional Package 3
Tape 2 - Answer Sheet

ALKANES - CONFORMATIONAL ISOMERISM

Example 1., Newman projections of the propane molecule:

CH H
3
H H
\
H H
H TCeH
H
Staggercd propane Eclipsed propane

The difference between staggered and eclipsed propane as
compared to staggered and eclipsed ethane is:

all bonds in ethane are saturated with H atoms, Five
of the bonds in propane are saturated with H atoms and
one ends with a methyl - CH3 - group,

ASSIGNMENT 1, Draw the conformational isomers of n-butane resulting from
the free rotation around the bond between carbon atom no, 1
and carbon atom no, 2. ‘

H
CZH5
H H
—
H H
y -
Hq
Staggered conformation Eclipsed conformation
29

27




Self Instructional Package 3
Tape 2 - Answer Sheet cont,

ASSIGNMENT 2, Draw Newman projections and name all the possible
conformational lsomers of the eclipsed butane resulting
from the rotation about the bond between carbon atom no, 2
and carbon atom no, 13,

H H H H
P N ) ! b
Hs:C -~ C = C - C-H
“41-0 )2 13 A4,
H H H H

Legas sgtable

More sgtable

N BN ) 30

28




Self Instructional Package 3
Tape 2 - Answer Sheet cont.,

ASSIGNMENT 3. Draw all the possible conformational isomers of the
n-pentane which result from the free rotation around the
bond between carbon atom no, 2. and carbon atom no, 3.

H H H H
,’?:-‘\\ ' (!J "é——’——i‘:“\ H
H =1 '; - "{ - -
- L. \ [} \._'-______' -
H 7 H H H
1 2 3 L 5
C H : C H
25 l‘./jr/nn 02H5 “(//gauche\\\n 2's
H H CH CH H
~— - 3 3
H H H H
CH H H
3
£ 2.

ECLIPSED

31

29




ASSIGNMENT 4,

Self Instructional Package 3
Tape 2 - Answer Sheet cont,

Agsign the relative stabilities (i.e, identify the isomers
with maximum and minimum stabilities and the ones with the
same stability) to all the conformational isomers in

-agsignment 3,

Conformational isomers 2 and 3 have the same stability.
Conformational isomers 4 and 5 have the same stability,

Stability sequence:

1 >2 =3>4 2 5%>6
1 1

Maximum stability Minimum
stability

30



Self Instructional Package No. 3

Form D

- Progress Check Evaluation

ALKANES - HOMOLOGOUS SERIES AND ISOMERISM

1. The molecular formula which corresponds to an alkane is:

a)

b)

c)

d)

CoHy4

2. Diethyl ether and butanol have the same molecular formula and the
same molecular weight. They have different melting point boiling
point, density. Relative to each other they are:

a)
b)
c)

d)

structural isomers
conformational isomers
members of the same family

homologs

3. Staggered and eclipsed butane are:

a)

b)"

c)

d)

structural isomers relative to each other
conformational isomers relative to each other
are species that can be interconverted into each other

species that have different physical properties

4. Relative to each other the two species represented by their Newman

projections are:

a)
b)
c)
d)

C,H
Colis 2°5
conformational isomers
structural isomers H H H
anti staggered isomers
gauche isomers H H H
31 CH3 H



SIP #3
Form D - Progress Check Evaluation

5. From the structural formulas given below identify the structural

isomers.
cH
CH
' )3 13 CHg
CHB—CH-—SJH—CHZ—CH3 CH3—?H—CH—CH3 CH3—CH—CH2-—CH2—CH3
CH3 | CH3
I II ITI
CH3

|
CH_-CH-CH-CH -CH -CH
3 2 2 2 3

CH3
Iv

a) I and II
b) 1II and III
c) III and IV
d) I and IV

6. Identify the erroneous statement below:

C4H10 corresponds to butane
CsH14 - corresponds to heptane
CgHjg corresponds to nonane
CqHg corresponds to propane

7. Carbon atom A in the compound below is:

a) Primary

b) Secondary

c) Tertiary

d) Quaternary 3 4

32




Sip

#3

Form D - Progress Check Evaluation

8.

9.

1

The following statements about the conformers of butane are correct.

a)
b)

c)

d)

-

staggered butane is more stable than eclipsed butane.

anti—staggered'Eonformation possesses more energy than the gauche
staggered conformation.

anti-staggered conformation is more stable than the gauche
staggered conformation.

eclipsed conformation possesses less energy than the staggered
gauche conformation.

For this and the next questions use the energy diagram below.

IIT

»
o

The four conformations of pentane represented by their Newman pro-
jections are given below. Choose the answer which gives the correct
correlation between the compounds and the potential energy values.

a)
b)
c)
d)

CoH CoH
255 H §2H5 CoHg 7275
H :
CH,
H H H H"‘H H
bC

CH,q H

I II ITI Iv

B A D C

D c B A

A D C B

B C D A



SIP #3
Form D - Progress Check Evaluation

10.

The correct statements relative to the compounds and the diagram
presented Iin question 9 are:

a)
b)
c)
d)

conformational 1isomer A is the most stable.
conformational isomer D possesses the least amount of energy.
B and D are eclipsed conformations.

C is the anti-conformation.

36

34



Self Instructional Package No. 3

Form Bl - Answer Sheet

ALKANES - HOMOLOGUE SERIES AND ISOMERISM

1. b
2. b
3. d
4. b
5. ¢
6 a, ¢, d
7. a
8. d
9. b
10. - ¢

35




Self Instructional Package No. 3

Form Dl - Answer Sheet
ALKANES - HOMOLOGOUS SERIES AND ISOMERISM

1. c

2, a

3 b, ¢

4, b

5. b

6. b

7. ¢

8. a, ¢

9. d

10. a, c
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CHEM 201

S.I.P. #3 - ERRATA

CORRECT STATEMENTS AND ANSWERS

FORM D - Question 4
Question 6
. Question 7
Question 9
TAPE i - Answer Sheet

b) iy

CoHg C3Hy
H H H

X x

corresponds to butane
corresponds to heptane

c) CgHyg corresponds to nonane

d) C3Hg  corresponds to propane

e,

A B C D :
CHy - CH, - EH - CHg -

CH

ES
conformation D

..H
H-
Assignment 4.
Hydrocarbon Alkane Name
CMhe v v Heptane

39









